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THURSDAY, OCTOBER 28, 1897. 


THE LOGIC OF DARWIN. 

The Method of Darwin : a Study in Scientific Method. 

By Frank Cramer. (Chicago : A. C. McClurg and 

Co., 1896.) 

HIS excellent and most useful little work arose, as 
its author states in the preface, “ from the belief 
that the direct study of scientific method, as it is illustrated 
by the works of the accepted masters, is worthy of far 
more careful attention than is usually accorded to it.” 
The method of Darwin was chosen for the author’s 
purpose (pp. 23, 24) because of the importance of scien¬ 
tific method as a study, because “logicians and scientific 
philosophers draw their illustrations of scientific method 
almost exclusively from the physical sciences” which, 
although “fascinating on account of their brilliancy and 
their approach towards mathematical certainty,” are less 
adapted than the biological sciences “to furnish models 
for the average student, because in the nature of their 
logical difficulties they approach more nearly to the 
expe riences of common life,” lastly because 

“ Darwin’s custom of presenting all sides of a case very 
frequently led him to expose the original course of his 
thought and the order of his discoveries [rightly regarded 
by the author as a rare thing in a discoverer] so clearly 
as to make the reader almost feel that he and Darwin 
are making the discovery together. Darwin consciously 
recognised or unconsciously felt that there was con¬ 
siderable power to produce conviction in an understanding 
of the particular mode in which the truth was reached. 
He so habitually took the reader into his confidence .that 
he will probably always remain the clearest model in the 
biological world for the study of applied logic.” 

Having made his choice for the weighty and cogent 
reasons which have been quoted above, the author pro¬ 
ceeds to analyse Darwin’s method, and the manner in 
which he applied it, continually illustrating his argument 
by reference to various discoveries and hypotheses—well 
selected and briefly but sufficiently described in language 
of great clearness and precision. The attitude of the 
writer towards his great subject is peculiarly pleasing. 
Although feeling the deepest respect for the “ master¬ 
mind” of Darwin, and proclaiming “that Darwin’s 
investigations, and the reasoning based upon them, have 
furnished the biological sciences with their dominant 
principles,” the author frankly criticises and employs as 
illustrations any mistakes which he can find in the vast 
researches of the great thinker of our century, and having 
found them, attempts to explain the causes to which they 
were due. 

The scope and object of the work may be inferred from 
the subjects of its chapters. The first deals with “ Edu¬ 
cation and the Art of Reasoning ”; the second, “ Darwin’s 
Views of Method"; the third, “The Starting Point of 
Investigations”; the fourth, “Exhaustiveness—Time 
given to Investigations . . . ”; the succeeding four 
chapters are devoted to “ Negative Evidence,” “ Classifi¬ 
cation,” “Analogy,” and “Induction” respectively; the 
succeeding five to “ Deduction while the fourteenth 
contains “General Discussions”; the fifteenth, “Logical 
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History of the Principle of Natural Selection ”; the six¬ 
teenth, “ Conclusion.” 

The whole volume is full of suggestive thoughts worthy 
of the deepest attention. The exigencies of space pre¬ 
vent more than a very brief selection to be made use of 
in this place. The distinction between the reasoning 
which follows the order of discovery, and that which 
follows the order of proof, is very clearly expressed, 
together with a plea, on behalf of the student, for the 
more frequent employment of the former. “ Books and 
lectures are invariably built up on the plan of proof—the 
question how a conclusion was reached is rarely pre¬ 
sented . . Hence 

“ the student is made a recipient. He is struck by the 
lucid arrangement of facts, the majestic sweep of the 
argument, and wonders why the world did not sooner 
get hold of the truth that seems so conclusive to him. 
In the laboratory the hand-books tell him what to look 
for and where to find it, and in the lecture-room the 
facts are arranged and the theoretical explanations 
are made for him. Thus in neither of the two practical 
divisions of the art of reasoning is he allowed to follow 
even the untrained impulses of his intellect” (pp. 19, 20) 

Even when the importance of the reasoning employed 
in discovery is recognised, models of it will be found to 
be rare because a man of science, 

“ after establishing a conclusion to his own satisfac¬ 
tion, is not concerned with telling other people how he 
reached it, but with convincing them of its truth. For 
this purpose he throws his conclusions and facts into the 
order best suited to form a compact argument.” 

This statement seems to us to be not only true, but one 
of those truths which merely require to be pointed out in 
order to produce an important effect. This reasoning, 
stated in the author’s clear language, is likely to lead 
observers to reconsider their methods of exposition, and 
determine occasionally to attempt the not uninteresting 
task of unravelling the tangled and devious lines by which 
they have been led to discovery. 

The hard work, especially upon geological problems, 
performed in all the isolation and difficulties of the voyage 
of the Beagle , is regarded as the great educational influ¬ 
ence of Darwin’s life, and the author attaches importance 
to the fact that he was “ unhampered by laboratory hand¬ 
books with directions for finding the facts, or by pro¬ 
fessors to do the reasoning for him, either before or after 
the facts were found ” (p. 30). 

The writer truly maintains that “ the very grain of his 
scientific character was conscientiousness ” (p. 31), a view 
which was eloquently put before the members of the 
Junior Scientific Club at Oxford by Prof. Michael Foster 
in one of the earliest lectures—1 think the earliest— 
delivered before that Society. 

One of the greatest of the many debts due to the 
author is the clear statement of the meanings of the terms 
induction, deduction, and the inductive method (pp. 35- 
39). Darwin, as we know, was not convinced by writers 
of a “ deductive ” cast; on the other hand, Darwin’s 
friend and teacher Sedgwick accused him of forsaking the 
“inductive method.” Deduction has come to be a term of 
reproach, induction a term of commendation, when applied 
to a scientific worker. Now the work before us puts all 
this in its true light, to the great help and comfort of 
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those who have not the time to make a special study of 
formal logic. Deduction, or “ reasoning from the general 
to the particular, from a law, principle, or general fact to 
a particular fact,” is as inuch a part of the scientific or 
so-called inductive method as induction itself, or “ reason¬ 
ing from particular to general, from facts to laws or prin¬ 
ciples.” The scientific method 

“ includes all the logical processes, induction, deduction, 
analogy, verification—every way in which the intellect 
passes from fact to fact. This is widely different from 
what Bacon originally meant by inductive method ; but 
practically no scientific man has ever followed Bacon’s 
method. The inductive method, as illustrated by Dar¬ 
win’s own work, and as understood by all who think 
clearly on the subject, consists in the formation of an 
hypothesis from the facts by induction at the earliest 
possible moment in an investigation, deductive applica¬ 
tion of the hypothesis to known facts, and in the search 
for others that ought to exist if it is true, until it proves 
itself imperfect. By the help of the new facts the hypo¬ 
thesis is improved (by induction) and again applied, until 
by successive approximations it reaches the truth. So 
that in the so-called inductive or scientific method deduc¬ 
tion is far more extensively used than induction.” 

In fact, as the author states, John Stuart Mill has 
“described the combination ‘hypothesis, deduction, and 
verification ’ as the deductive method.” Inasmuch as in¬ 
duction and deduction are both absolutely essential to 
the process above described, neither of them ought to 
be selected for the purpose of giving it a name ; the pro¬ 
cess should always be called “the scientific method.” 
When “ induction ” is used as a term of commendation, 
it is employed to mean the whole process, in which 
deduction, although not more necessary than induction, 
is “far more extensively used.” When “deduction” is 
used as a term of reproach, it means “ reasoning from 
postulates the truth of which is accepted beyond dispute ” ; 
it “ starts from principles whose truth is not questioned,” 
whereas 

“in the scientific method the object is not merely to 
deduce consequences from laws or principles, but to 
establish the truth or falsity of those laws or principles 
themselves. Hence there is an incessant interplay of 
induction and deduction.” 

In considering “ starting-points,” it is well shown that 
Darwin’s material lay all round him—the first facts 
already known, and sometimes the explanation hit upon, 
but the whole significance as yet unappreciated. This 
is shown to be the case with the local variation of the 
Galapagos fauna, the action of earth-worms, the reversion 
caused by the crossing of pigeons, and the facts upon 
which the investigation of insectivorous plants was 
begun. This is not only true, but most encouraging ; 
such material is still thickly spread around every scientific 
worker, ready to lead to important researches, and yield 
the most valuable conclusions when its significance is 
understood. And the effect of practice and learning 
from example is well seen in the increasing power which 
this kind of understanding gains. The beginner who 
has not yet commenced his first research has much 
difficulty in finding a subject, and here it is that an 
inspiring teacher or friend may turn the whole current 
of his life by a few suggestive words. When he has 
had experience, the difficulty is to find time to undertake 
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the innumerable researches which now seem, to crowd 
around him. 

In the chapter on “exhaustiveness” is shown the 
immense gain which we owe to the patience and thorough¬ 
ness with which Darwin conducted his researches, even 
though 

“he could have secured for himself the priceless gem 
of ‘priority of discovery ’ without the tedious years of 
work.” 

“ One of the most notable legacies that he left to the 
ambitious student is his example of great energy and 
great patience ; his incarnation of the truth that time, as 
well as reason, is the handmaid of science.” 

In giving a brief account of Weismann’s theory of 
heredity (pp. 119-120), the erroneous impression might 
be gathered that the theory in question was framed in 
order to support natural selection and the contention 
that acquired characters are not transmitted. This is 
the wrong order ; Weismann’s study of the early history 
of the germ-cells, especially in Hydrozoa, suggested the 
theory, and this again opened up the question of the 
transmission of acquired characters and the scope of 
natural selection. 

The “importance of theory” is well illustrated by the 
remarks upon Darwin’s and Sedgwick’s failure to see 
the traces of glacial action during their careful examin¬ 
ation of the rocks at Cwm Idwal. “The secret of their 
failure is that they were not looking for it. It is usually 
the things that men look for that they see ; and to look 
for things as yet unseen requires a theory as a head light ” 
(p. 129). 

Wallace’s brilliant suggestion of the warning signi¬ 
ficance of the bright colours of caterpillars is described : 
but the great development which this ancl kindred sub¬ 
jects have undergone in recent years is undervalued by 
the writer who only sees “the enormous amount of wild 
deduction and half-digested observation.” In a subject 
of wide general interest attracting an immense number 
of observers of all degrees of competence and experience, 
these strictures are likely enough to have force as regards 
a large number of the suggestions made ; but, in spite 
of all errors of interpretation and observation, the whole 
subject has advanced immensely and greatly gained in 
extent and solidity since Bates’ fruitful suggestion w'as 
brought before the Linnean Society in 1861, and 
Wallace’s, before the Entomological Society in 1867. 
Some of the most important conclusions reached since 
then have not only been confirmed by an immense body 
of evidence brought together by their supporters, but 
have also been verified by the researches of those whose 
attitude was severely critical. The author’s conclusion 
that “ what is most needed is more light on the physio¬ 
logical causes at work within the animal, and producing 
and determining the distribution of colours,” is, it is 
maintained, erroneous. Such researches, some of which 
have been and are being undertaken, are of the deepest 
interest and importance, but they are likely to shed but 
little light upon the significance of colour and pattern in 
the struggle for existence. 

The very common mistake made by Darwin’s critics 
in supposing that the inability to supply a cause of 
variation undermines the logical foundation of the theory 
of natural selection is well exposed (p. 166). In dealing 
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with “ unverified deductions,” the interesting case of the 
electrical organ of certain fish is considered in some 
detail, and the treatment should have been enriched by 
some account of Prof. Gotch’s researches on the subject 
continued through so many years. 

We regret to see the reference to Garner (on p. 191) in 
a work of such high merit; although the author wisely 
hesitates to accept any conclusions as yet made public. 

We cannot do better than conclude this notice of Mr. 
Cramer’s admirable and well-written little book, in his 
own well-chosen words :— 

“ Whatever may be the future of the particular con¬ 
clusions which Charles Darwin reached, the general 
method which he employed and the general drift of his 
conclusions will have a permanent value. All his efforts 
tended towards the unification of knowledge. All his 
inductions became corollaries of one great theory ; all 
his deductions had to do with efforts to test and prove the 
truth of that theory. The subordination of all the devices 
of the intellect to one great comprehensive purpose has 
given a unity of aim to all the great works of his life, 
and has made his general method conspicuously lucid, 
and has knit the products of his intellect into one great 
logical whole.” E. B. P. 


A THEORY OF PHYSICS. 

Theory of Physics. By Joseph S. Ames, Ph.D. Pp. 

xviii + 513. (New York: Harper, 1897.) 

R. AMES has written a very interesting book, and 
one which to many students will be of great 
value. At the same time it is extremely condensed. 
To cover the whole range of physics, beginning with 
mechanics and properties of matter, including also 
sound, heat, light, electricity and magnetism in about 
500 pages, is no easy task. Nor is it made less easy by 
the fact that Mr. Ames is not content with dealing only 
with the elementary parts of each subject, but carries 
his readers far into the region of modern theories. 
Thus Book ii., on heat, contains a chapter on the kinetic 
theory of matter ; while the introduction to Book iv., 
electricity and magnetism, deals with the properties of 
the ether, and in the section on light we have chapters 
on double refraction and polarisation. The book is 
intended to be studied in an academic year of nine 
months by “ students who have had no previous training 
in physics, or at the most only an elementary course.’’ 
A large majority of these, we fear, will find beyond 
them the task of assimilating in so short a time all the 
nourishment it contains ; the minority who succeed in 
the attempt will have a very good knowledge of physics, 
and all who read the book intelligently will benefit by 
its study. 

There is a freshness about the style and about the 
manner in which the laws and facts of physics are pre¬ 
sented, which is very invigorating, and which adds 
greatly to the interest of the book. 

The book opens with a chapter on kinematics ; this, 
on the whole, is clear and precise, but the proof given 
in § 18 of the formula connecting the space passed 
over by a body moving with uniform acceleration with 
its central velocity and the time of motion is incomplete. 

The chapter on dynamics, dealing with motion and 
force, might usefully be amplified. The author starts 
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from the law of the conservation of linear momentum for 
a series of bodies “ entirely free from all external in- 
flences” as an experimental fact, which, so far as it has 
been tested, seems absolutely true and without exception. 

Inertia is defined as a property of matter which 
becomes evident to our muscular senses when we try to 
change the motion of matter, and two bodies are said to 
have the same mass when they have the same inertia ; 
the masses of two bodies are supposed to be compared 
by observing the velocities which a given spiral spring 
can confer on them when compressed to a definite extent 
and allowed to act on each in turn. 

Knowing the masses, the momenta of a series of bodies 
having motions of translation only can be calculated, 
and the law of the conservation of momentum tested. 

The rate of change of the linear momentum of a body 
with respect to the time is then defined as the “ force 
acting on it,” and Newton’s laws of motion are explained. 
Such an explanation of dynamics has many claims to our 
attention, and is certainly more logical than that adopted 
in many modern books ; at the same time, it is more 
difficult for the ordinary student to grasp ; he knows 
force as muscular exertion. The schoolboy who illustrated 
his reply to his teacher’s question, What is force ? by 
doubling his fist and striking his classmate is typical, and 
the difficulties of introducing him in his first study of 
dynamics, to “ force ” as a name for rate of change of 
momentum are considerable. The book is, the author 
implies, intended for students working in a class, seeing 
demonstrations and doing experiments for themselves ; 
thus opportunities for explanation and amplification will 
naturally arise ; still we wish the author had found space 
to develop this part of his book more fully. 

Matter in rotation is dealt with in § 41, and the ele¬ 
ments of rigid dynamics are based on the law of the 
conservation of angular momentum. This law is 
stated as independent of the law of the conservation 
of linear momentum ; it is usually deduced from the 
latter. The treatment of the section on liquids intro¬ 
duces fewer novelties than that dealing with solids ; the 
important idea of pressure at a point, however, deserves, 
we think, a fuller explanation than is accorded to it; the 
sections on capillarity are clear, and the principal pheno¬ 
mena of osmosis are described. The parts of the book 
on sound and heat do not call for any very detailed 
notice ; the main criticism, to which the book is open 
throughout, applies here also : advanced portions of the 
subject are somewhat frequently referred to in so brief a 
manner that the student cannot, without further assist¬ 
ance, obtain really clear ideas on the subjects dealt 
with. 

Book iv., electricity and magnetism, commences with a 
reference to the ether, with which, we are told, electric 
and magnetic effects are intimately connected. But the 
earlier sections of the book describe the production of 
electric charges and the ordinary phenomena of electro¬ 
statics in the usual manner. It is stated, § 215, that the 
property of attraction possessed by an electrified body 
“will be shown in Article 221 to be due to changes in 
the strain of the medium round the charged body” ; but 
the demonstration given in § 221 can hardly be called 
a proof. 

The difficult questions involved in the theory of primary 
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